Introduction
A number of reports have indicated that purification of filamentous viruses which belong to potato virus Y (PVY) group is difficult because of their properties of aggregation and instability during the purification process. Especially, aggregation is a serious problem encountered frequently2, 3, 10) .
Recently, considerable improvements were made in the methods for purification of plant viruses.
Stace-Smith and Tremaine20) reported that the aggregation of PVY during the purification process was prevented by using high molarity phosphate buffer.
Nozu and Yamamura13) successfully purified tobacco mosaic virus by using a detergent, Triton X-100 (alkylphenoxypolyethoxyethanol).
Hull and Shepherd8) also applied it for purification of cauliflower mosaic virus. Polyethylene glycol (PEG) has also been described useful for purification of many viruses including PVY group members3,6), though its mechanism is quite different from that of detergents.
Several methods have been reported for partial purification of turnip mosaic virus (TuMV) 19, 22) , and yet more simple and reliable method is required.
In order to establish an improved method for purification of TuMV from infected plants, investigations were made step by step. Table 2 . e) Triton X-100 (1%) was also concurrently added to a). f) The pellet obtained by low-speed centrifugation was resuspended in 0.025M phosphate buffer. Then the suspension was centrifuged again at a low-speed. The supernatant thus obtained was inoculated.
g) Not tested.
Resuspending buffers Recently, high molarity buffer was occasionally used for resuspending PVY group viruses in purification procedures5,11).
To find out suitable buffer for resuspending TuMV, potassium phosphate buffer of high (0.5M) and low (0.05M) molarities were tested.
Additional effects of urea 3,7,24), MgCl21) and EDTA11) at final concentrations of 0.5, 0.01 and 0.005M, respectively, were also tested. The pellets obtained by Triton X-100/PEG/NaCl treatment followed by low-speed centrifugation were resuspended in 0.5M or 0.05M potassium phosphate buffers, pH7.5, with or without additives, and were given one cycle of differential centrifugation (8,500 Ultraviolet absorption of purified TuMV The TuMV preparation purified by the procedure mentioned above showed the ultraviolet absorption curve typical for nucleoprotein with UV absorption maximum at 260nm and minimum at 247nm, as shown in Fig. 3 
1.24).
These characteristics coincide with those reported by StaceSmith and Tremaine20).
The UV absorption spectrum showed a slight shoulder at 290nm similar to that of maize dwarf mosaic virus9), which indicated the presence of tyrosine or tryptophan in the coat protein. Based on the assumption that the common extinction coefficient 2.7 O.D.
260 unit is equivalent to 1 mg/ml of virus in the case of PVY group18,20), the estimated yield of purified TuMV was 1.5 -4.0mg/ 100g of infected leaves.
Electron microscopic observation of purified TuMV The purified virus preparation was negatively stained with 20% potassium phosphotungstate, pH7.0, and dropped on carboncoated grids. The observation was carried out under JEM-7 A electron microscope. Electron micrograph (Fig. 4) showed unaggregated flexuous rod-shaped virus particles without any contaminants.
The normal length of virus particles estimated in comparision with 300nm of tobacco mosaic virus was about 745nm (48% of the particles out of 294 measured). 
Conclusion
Aggregation is a serious problem which frequently occurs during the course of purification of PVY group viruses3, 11, 19) .
Generally, two types of aggregation, viz. aggregation with hydrophobic bands of virus particles and that mediated with host materials are considered to occur.
In these aggregations, the latter seems more serious than the former during the course of virus purification.
Shepherd and Pound19) had efficiently extracted TuMV by preventing aggregation with 0.5M phosphate buffer.
The similar result was also obtained in our experiment.
Tomlinson23) reported that phosphate buffer was unsuitable for extraction of flexuous rod-shaped viruses as compared with borate buffer, however, the extraction with potassium phosphate buffer resulted in a greater yield than with borate buffer in the case of TuMV, which coincided with the result of Shepherd and Pound 19).
The tight aggregation of virus particles which mainly occurs by means of PEG precipitation mediated with host plant constituents as reported by Hull and Shepherd8) caused serious loss of the virus.
In order to prevent such an aggregation, Triton X-100 has been successfully used in the purification of some other viruses8,13). We confirmed in this experiment that simultaneous application of 1% Triton X-100, 4% PEG, and 0.1M NaCl prevented the tight aggregation to produce easily resuspendable pellet and in due course gave a greater yield of unaggregated virus than in the case of PEG or Triton X-100 alone.
Usually, low molarity buffer has been used for resuspending pellet obtained by PEG precipitation or high-speed centrifugation. Recently Luisoni et al.11) reported that high molarity buffer markedly avoided aggregation of poplar mosaic virus by giving a stable ionic strength to virus particles.
The similar result was obtained in our experiment by using high molarity (0.5M) potassium phosphate buffer for resuspe-nding TuMV.
The presence of Mg++ ion or urea in high molarity resuspending buffer increased the preventing effect of aggregation. It seems possible that these additives effectively prevent the aggregation of TuMV by their ability to break hydrophobic bonds as stated by Price17) and Damirdagh and Shepherd3) .
Since the purification scheme presented here was successfully applied to several isolates of TuMV, the method will contribute to put comparative studies on serological and chemical characteristics of the isolates in practice.
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